To evaluate how the deposition of journal articles in Institutional Repositories (IRs) affects the number of citations and e-journal usage, we placed some articles published in Zoological Science in two IRs, and compared their use in IRs with e-journals, as well as with the number of resulting citations between 2008 and 2009. The results reveal that deposit in IRs did not reduce e-journal usage. Moreover, whereas the journals gained new readers, this did not have an effect on the number of citations.
Introduction
The objective of this study was to determine how article deposition in Institutional Repositories (IRs) affects both citations and e-journal usage. It has been said that open access will make research output more visible and accelerate research progress. For example, significant attention has been paid to the question of whether open access will increase the number of citations, including studies by Lawrence (2001) and Harnad and Brody (2004) . Some of these studies have focused on open access papers deposited in Subject Repositories (SRs) such as arXiv (Moed, 2007; Henneken et. al., 2006) , and others have used a comparative approach by making e-journals partially available to the public (Davis, 2008; Davis, 2009 ). Moreover, whereas IRs play an important role in open access, their effect on citations has not been sufficiently studied.
It has also been suggested that making journal articles public through the web affects the numbers of readers of the commercial publishers. In this regard, Davis and Fromerth (2007) revealed that deposit in arXiv reduced publisher downloads for mathematics articles. There has been no sufficient analysis as to whether IRs would reduce publisher e-journal usage, however. It may be posited that IR users differ from SR users, and consequently the deposit of an article in IRs will have a different effect on e-journal usage than when deposited in SRs.
To evaluate how the deposition of journal articles in IRs affects citations and e-journal usage, we initiated the «Zoological Science meets Institutional Repositories Project» (ZS Project). We placed articles published in Zoological Science (the peer-reviewed journal of the Zoological Society of Japan) in two IRs to study their usage in each IR, the number of resulting citations, and any differences in usage when comparing them with e-journals offering publisher versions. The project period was between 2008 and 2010, and we describe interim results in this paper.
Data and Methods
This study is based on article-level data of Zoological Science, which has been published electronically on BioOne.2 (http://www.bioone.org/loi/jzoo) since 2008 and on J-Stage (http://www.jstage.jst.go.jp/browse/zsj/) until 2009. We secured cooperation from the authors of several articles and deposited those articles in two IRs, the Hokkaido University Collection of Scholarly and Academic Papers (HUSCAP) and the Kyoto University Research Information Repository (KURENAI), in 2008.
The four variables analyzed in this study were the number of ISI citations, the number of BioOne.2 full-text downloads, the number of J-Stage full-text downloads, and the number of IR full-text downloads. While the IRs and J-stage usage logs have been made available since 2008, the statistics available on BioOne.2 began in 2009. Access by programs, including search engine bots, continuous accesses, and double clicks, were removed from the download statistics based on the COUNTER code of practice (2008) .
Using these data, we analyzed the IR usage statistics, including access path and user domains, the conditions of full-text download from both IRs and publisher websites, and the relationships between the number of full-text downloads and citations.
Results
From a total of 3,281 articles published in Zoological Science between 1984 and 2008, 1,718 were in BioOne.2, 1,376 in J-Stage, and 171 in the IRs.
IR usage statistics
The total number of IR full-text downloads between 2008 and 2009 was 10,099 (average=59.0/median=43). Table 1 The majority of users (66.6% -72.4%) found articles using search engines, especially Google. Only a few people found articles through other paths, including IR interfaces. Table 2 shows the types of user groups defined by domain: .ne and .net (private users and network operators); .ac and .edu (academic users); .co and .com (corporate users); and others. We identified user domains by IP address (unfortunately some of these could not be resolved). The largest user group was private users (34.7%-38.7%). The private and corporate users together accounted for more than 50% of all repository users. While Zoological Science is a refereed scientific journal, it indicates that researchers and students as well as the general public read the articles that are free on the web. The majority of J-stage users and authors who cited Zoological Science were from Japan. However, in IRs most of the users came from the USA. As for user location, there were different tendencies between countries depending on the frequency of access to IRs or to J-stage, and the number of citations. The average number of full-text downloads of articles deposited in IRs was higher than that of those not deposited. A Mann-Whitney test shows that the difference between downloads of those articles deposited and not deposited is statistically significant (p<0.001). Accordingly, IR registration did not reduce the number of J-stage users. Table 6 illustrates BioOne.2 full-text downloads of articles deposited in IRs and those not deposited in 2009. Here, the average number of full-text downloads of articles not included in IRs was higher than that of those that were deposited. However, a Mann-Whitney test shows that the difference between articles deposited and not deposited in IRs is statistically insignificant (p>0.1). It has been demonstrated that articles published in recent years are used more often than older articles (Tenopir and King, 2009 ). There were many recent articles (published in 2008) included in the articles not deposited in IRs because we started this experiment in 2008 where Zoological Science had a one-year embargo. This inflated the average number of full-text downloads of articles not deposited in IRs. Compared with Table 6 , there is some difference in use between the articles deposited and not deposited in IRs in Table 7 . Thus we can say that IR registration did not reduce the use of BioOne.2 articles. Figure 1 showing the scatter plots of full-text downloads further supports our assumption.
Relationships between IR deposit and publisher downloads
There were significant positive correlations between IR full-text downloads and J-stage (Spearman's ρ = 0.363) and BioOne.2 (ρ = 0.519). However, the correlation coefficients were not very high. The scatter plots also tell us that, whereas some articles were downloaded many times in IRs, this was not the case on publisher websites. These analyses therefore indicate that IR registration does not reduce the number of users on publisher websites. Instead, Table 8 shows descriptive statistics for ISI citations of articles deposited in IRs compared with those that were not between 2008 and 2009 (after deposition in IRs). The average and median number of citations of articles in IRs after deposit was higher than those of not deposited. A Mann-Whitney test shows that the difference is statistically significant (p<0.001). However, it cannot be determined whether the difference was caused by IR registration. From Table 9 , the average and median number of article citations in IRs before deposit were also higher than those of those not deposited. This difference is likewise statistically significant (p<0.001), and thus suggests that the difference is not due to IR registration, but rather to quality-bias.
Relationships between full-text downloads and citations
In addition, Figure 2 shows the relationship between the numbers of IR full-text downloads and ISI citations between 2008 and 2009. Although there was a significant positive correlation between IR full-text downloads and ISI citations, it was weak (Spearman's ρ = 0.334). The scatter plot shows no relationship between IR full-text downloads and ISI citations. We could not determine whether IR registration affects the number of ISI citations. 
Conclusions
This project revealed that (1) articles deposited in IRs were used by various people including non-researchers who accessed the information through search engines; (2) there are different patterns of use between countries depending on the frequency of downloads from IRs or from e-journals, and the number of citations; and, (3) IR registration did not reduce the number of e-journal users and there were distinctive differences between papers often read in IRs and those in e-journals. Whereas we could not determine whether the presence of an article in an IR affects the number of citations, the results show that depositing journal articles in IRs enhances distribution rather than replaces traditional publication. Depositing journal articles in IRs after a one-year embargo will do more good than harm to scholarly journal publishers.
